We report on the initial measurements of the angle γ and the sum of angles 2β + γ of the Unitarity Triangle. When compared with indirect information on the value of γ from other measurements of CKM parameters, the measurement of these angles will provide a precise test of Standard Model predictions, as statistics increase. There are several methods for directly measuring γ and 2β + γ. We report on the status of each of these techniques, and the resulting constraints on the values of these angles.
Introduction
The comparison of measurements of the angles and sides of the Unitarity Triangle provides a test of the Standard Model, in which CP -violation is solely due to a single complex phase in V , the Cabbibo-Kobayashi-Maskawa (CKM) quark mixing matrix. The angle γ ≡ arg[−V cd V * cb /V ud V * ub ] is considered to be the most difficult to measure of the three Unitarity Triangle angles. The difficulty is due to the fact that the interference terms that provide the sensitivity to γ tend to be small, due to small branching fractions, lower reconstruction efficiencies than with typical charmonium or charmless B decays, and relevant magnitudes of interfering amplitudes that are far from equal.
Nevertheless, there exist several techniques for directly measuring γ and 2β + γ. These techniques can be divided into three classes: those that use a time-independent CP asymmetry between color-allowed B → D 0 K and color-suppressed B → D 0 K amplitudes to directly measure γ, which is the relative weak phase between these amplitudes; those that use a timedependent asymmetry between favored and suppressed B → Dπ or B → D 0 K 0 amplitudes; and a third type of technique, which uses a combination of time-dependent and time-independent asymmetries and branching fractions in B → D ( * ) (s) D ( * ) to solve for the value of γ.
Time-Independent Techniques
The time-independent techniques each use an interference between color-allowed B → D 0 K and color-suppressed B → D 0 K amplitudes to constrain γ through a CP -violating asymmetry in time-integrated decay rates. The D 0 K and D 0 K amplitudes have a relative weak phase of γ, but one always needs two more pieces of experimental information to form a constraint: the | and the strong phase difference between the two amplitudes δ B . Naturally, the larger the interference, i.e. the closer r B is to 1, the better the constraint will be on the value of γ for a given dataset.
The original technique for measuring γ, the Gronau-London-Wyler (GLW) method, uses an asymmetry between
. There are 4 observables: 
, and obtains yields of 34.4 ± 6.9 events in the CP -even modes and 15.1 ± 5.8 events in the CP -odd modes of the D 0 in a sample of 227 × 10 6 BB events [3, 4] . Using the above event yields, the 4 GLW experimental observables are measured at BABAR to be R CP + = 0.87 ± 0.14 ± 0.06, A CP + = 0.40 ± 0.15 ± 0.08, R CP − = 0.80 ± 0.14 ± 0.08, [7] . There are two observables:
is constrained to the experimental value of 0.060 ± 0.003 [8] . The values of r B and δ B are equal to those from the GLW analysis described above. One is left with the two theoretical unknowns δ D and γ, which can in principle be determined from the two experimental observables. As in the GLW and Dalitz techniques (the latter of which will be discussed following this one), the ADS technique benefits from combination of information from • < γ < 73
• , and the hatched region allows any value of γ. BABAR constrains r B < 0.23 at 90% c.l. [9] the D 0 π 0 and D 0 γ final states. Similar to the GLW analysis, the ADS analysis is theoretically clean but suffers from highly suppressed decay rates into the relevant final states. Using a sample of 227 × 10 6 BB events, BABAR reconstructs 4.7 [9] . No significant signal is seen for any of these channels. Belle reconstructs 14.7 ± 7.6 events in the first of these channels, also not significant [10] . Using these values, BABAR constrains R ADS from B − → D 0 K − channel to be less than 0.030 at 90% confidence level (c.l.). From this result, and allowing any value of δ D and γ, one can constrain r B to be less than 0.23 at 90% c.l. as shown in Fig. 3 (right) . Belle similarly constrains R ADS < 0.047 and r B < 0.28, both at 90% c.l. However, similar to the GLW analysis, more statistics are needed to constrain γ from the ADS method.
A third method to constrain γ using interference between B → D 0 K and B → D 0 K amplitudes is the Dalitz technique [11] , which uses D 0 and D 0 decays to the common final state K S π + π − )K, with x = π 0 or γ, and obtains 83 ± 11 and 40 ± 8 events in those channels respectively. Belle reconstructs 209 ± 16 and 58 ± 8 events in 250 fb −1 for the first two of these three channels (Belle does not presently reconstruct the D * 0 → D 0 γ mode). Using a simultaneous fit to the B + and B − Dalitz distributions, BABAR measures δ B = (114 ± 41 ± 8 ± 10)
• and δ * B = (123 ± 34 ± 14 ± 10)
• , where in both cases there is a +(0 • , 180 • ) ambiguity and the first error is statistical, the second is systematic, and the third is from uncertainty on the phase variation model. BABAR also finds r * B = 0.155 +0.070 −0.077 ± 0.040 ± 0.020 and constrains r B to be less than 0.19 at 90% c.l. The value of γ is constrained by BABAR, from a combined fit to the the D 0 K and D * 0 K modes, to be (70 ± 26 ± 10 ± 10)
• . As noted above, the uncertainty on the value of γ for each of the time-independent techniques strongly depends on the value of r B ; a larger value of this parameter implies a larger D 0 K-D 0 K interference term, thus a smaller uncertainty on the measured value of γ. In each of the three analyses above, Belle reports a larger central value of r B than BABAR. In the case of the GLW and Dalitz analyses, Belle's central values both are greater than the 90% c.l. upper limits on r B placed by BABAR. While none of the inconsistencies are, by themselves, statistically significant, it is unclear why this trend has so far occured in each of the above analyses.
For the Dalitz analysis, Belle reports r B = 0.21±0.08±0.03±0.04, δ B = (64±19±13±11)
• , and γ = (64 ± 19 ± 13 ± 11)
• . The smaller uncertainty on γ, as compared with the BABAR analysis, is due to the apparent larger central value of r B that Belle reconstructs. (This value has in fact declined from Belle's previous measurement of r B = 0.26
+0.10
−0.14 ± 0.03 ± 0.04, using an earlier sample of 140 fb −1 of data [15] . The declining value of r B appears to explain why, after increasing their data sample by over a factor of two, Belle's uncertainty on γ has actually increased slightly.)
3 Measuring sin(2β + γ) Using Time-Dependent Asymmetries
can provide information on the value of sin(2β + γ) -and thus the value of γ, since β is so well-constrained. The B 0 → D ( * ) π and D ( * ) ρ methods use an interference between the usual Cabibbo-favored b → c channel and the doubly-Cabibbo-suppressed b → u channel [16] . These two amplitudes have a relative weak phase of γ, and a weak phase of 2β is provided by the B 0 B 0 mixing. As the amplitude for the b → u channel is very small compared with b → c, the time-dependent asymmetry is a small effect, of order λ 2 . There are two experimental methods for reconstructing B 0 (B 0 ) → D ( * ) π and D ( * ) ρ decays to determine γ. One can perform exclusive reconstruction, where one fully reconstructs all the final state particles for the low-multiplicity hadronic D ( * ) decay modes. This method has a very high signal purity (typically near 90%), but one cannot reconstruct the majority of the D ( * ) decays, i.e. those into semi-leptonic or high-multiplicity hadronic decay modes. In order to obtain a higher efficiency, one can perform partial reconstruction of D * π and D * ρ, by reconstructing only the slow pion, and not the D 0 , from the D * → D 0 π decay. Using only the slow pion provides sufficient kinematic constraints to reconstruct this decay. While this technique provides an efiiciency approximately 5 times higher, it does suffer from far higher backgrounds.
The experimental observables are the coefficients of the sin and cos(∆Mt) asymmetry terms in the time-dependent asymmetries of B 0 (B 0 ) → D ( * ) π and D ( * ) ρ. The coefficient for the sin term is equal to 2r sin(2β +γ) cos δ, where r is the ratio of Cabibbo-favord and doubly-Cabibbosuppressed amplitudes to the final state, and δ is the strong phase between those amplitudes. The coefficient for the cos term is equal to 2r cos(2β + γ) sin δ. BABAR obtains the results: 2r sin(2β + γ) cos δ = −0.032 ± 0.031 ± 0.020 2r cos(2β + γ) sin δ = −0.059 ± 0.033 ± 0.033 2r * sin(2β + γ) cos δ * = −0.049 ± 0.031 ± 0.020 2r * cos(2β + γ) sin δ * = 0.044 ± 0.054 ± 0.033 using exclusive reconstruction on a sample of 110 × 10 6 BB events [17] , where the first two values are from the Dπ channel and the last two are from D * π, and 2r * sin(2β + γ) cos δ * = −0.041 ± 0.016 ± 0.010 2r * cos(2β + γ) sin δ * = −0.015 ± 0.036 ± 0.019 using partial reconstruction on a sample of 178 × 10 6 BB events [18] . Belle obtains 2r sin(2β + γ) cos δ = −0.062 ± 0.037 ± 0.018 respectively [23] .
2r cos(2β + γ) sin δ = −0.025 ± 0.037 ± 0.018 2r * sin(2β + γ) cos δ * = 0.060 ± 0.040 ± 0.017 2r * cos(2β + γ) sin δ * = 0.049 ± 0.040 ± 0.019 using exclusive reconstruction [19] and 2r * sin(2β + γ) cos δ * = −0.031 ± 0.028 ± 0.018 2r * cos(2β + γ) sin δ * = −0.004 ± 0.028 ± 0.018 using partial reconstruction [20] , both on a sample of 152 × 10 6 BB events. BABAR obtains constraints on the value of | sin(2β +γ)| from the partial reconstruction method: | sin(2β +γ)| > 0.75 at 68% c.l. and > 0.58 at 90% c.l., resulting in constraints on the ρ − η plane as shown in Fig. 5 left. Belle does not claim any constraints on the value of | sin(2β + γ)| however, assuming the strong phase δ = 0 or π, Belle obtains 2r * sin(2β + γ) = 0.031 ± 0.028 ± 0.013.
The relative weak phase of the B 0 → D ( * )0 K * 0 and B 0 → D ( * )0 K * 0 is also γ. As these final states are non CP -eigenstates, there is also a strong phase between the two decays, that can be solved for by additionally measuring the CP asymmetry in the decays B 0 → D ( * )0 K * 0 and [21] . The sensitivity to sin(2β + γ) from these decays is given by the value of
. BABAR obtains the following branching fractions [22] :
but obtains just a limit on the numerator of r:
Similarly, Belle obtains [23] :
+1.25
No constraints on sin(2β + γ) can be obtained so far from
Decays to Measure γ 
B represents the branching fraction to a given B → D ( * ) D ( * ) decay and a dir and a indir represent the corresponding direct and indirect CP asymmetries respectively. The phases β and γ are the angles of the Unitarity Triangle and δ is a strong phase. A ct ≡ |(T +E+P c −P t −P C EW )V * cb V cd | and A ut ≡ |(P u − P t − P C EW )V * ub V ud | are the norms of the combined B → D ( * ) D ( * ) decay amplitudes containing V * cb V cd and V * ub V ud terms respectively, and the T , P , and E terms are the tree, penguin, and exchange amplitude components respectively [25] . As the modes B 0 → D * ± D ∓ are not CP eigenstates, a slightly more complicated formalism is needed for these modes [24] . 
